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Pro tec t i on  Branch Report o f  Test No. 13-67 
Q u a n t i t a t i v e  Spore Recoveries from Diatomaceous Ear th P e l l e t s  Used 
as P r o t e c t i v e  Ma te r ia l  i n  Dry Heat S t e r i l i z a t i o n  Studies 
Ear l y  i n  the  i n v e s t i g a t i o n  o f  problems involved i n  spacecraf t  
s t e r i l i z a t i o n  t h i s  Laboratory showed t h a t  some e l e c t r o n i c  components 
a re  i n t e r n a l l y  contaminated w i t h  microorganisms a! 
ponents w i l l  be used i n  the  cons t ruc t ion  o f  an i n te rp lane ta ry  space- 
c r a f t  they must be capable o f  w i ths tand ing  some s t e r i l i z a t i o n  pro-  
cedure. O f  major concern however, i s  assessing such components f o r  
contaminat ion o r  s t e r i l i t y .  A t  t h i s  t ime i t  i s  t e c h n i c a l l y  impossible 
t o  completely p u l v e r i z e  o r  d i sso l ve  a component and l i b e r a t e  i n  a 
v i a b l e  s t a t e  a l l  entrapped l i v i n g  microorganisms. 
Since such com- 
I t  has been conc lus ive ly  demonstrated by Bruch, Koesterer 
Bruch 2' t h a t  microorgaRisms contained i n  a p r o t e c t i v e  medium, 
s o i l ,  den ta l  i n l a y  ma te r ia l ,  etc. ,  are more r e s i s t a n t  t o  heat 
and 
such 
nact 
as 
v a t i o n  
than a r e  organisms unprotected. For t h i s  reason i t  can be c o r r e c t l y  as- 
sumed thar: microorganisms entrapped i n  an e l e c t r o n i c  component would be 
more d i f f i c u l t  t o  k i l l . / I n  an e f f o r t  t o  o b t a i n  death ra tes  and D values 
f o r  entrapped microorganisms subjected t o  d ry  heat, attelnpts have been 
made t o  s imu la te  contaminated e l e c t r o n i c  components by i nco rpo ra t i ng  
b a c t e r i a l  spores i n  Eccofoam p l a s t i c ,  denta l  i n l a y  mater ia l ,  l u c i t e ,  
s i l i c o n e  p o t t i n g  compounds and the ?ike.,' Unfo- tunate ly  lengthy and 
complex procedures a re  requi red t o  f r e e  microorganisms from such s o l i d s  
f o r  assay, and i n v a r i a b l y  a considerable loss o f  o rgan ism i s  incurred 
f o r  one reason o r  o ther .  
r 
I t  i s  recognized t h a t  no mater ia l  w i l l  be t r u l y  representa t ive  o f  
a l l  o r  perhaps even many e l e c t r o r i c  components. Thus i t  seems des i rab le  
t o  use a ma te r ia l  t h a t  w i l l  be easy t o  handle and g ive  q u a p t i t a t i v e  and 
reproduc ib le  r e s u l t s .  Diatomaceous e a r t h  appears t o  be such a ma te r ia l  
f rom the  data g iven i n  t h i s  paper cotnparing the  b a c t e r i a l  recover ies 
ob ta ined from diatomaceous ea r th  p e l l e t s  and from glass surfaces a f t e r  
exposure t o  d ry  heat a t  105 o r  I25 6 f o r  var ious per iods ' ,v 
MATERIALS AND METHODS 
Diatomaceous Ear th P e l l e t s  
A out 100 m l  o f  B a c i l l u s  s u b t i l i s  va r  n iqe r  spore suspension (about 
o b t a i n  homogeneity, the  mix tu re  was prepared by mix ing increments 05 10- 
12 m l  o f  spore suspension and 1-2 grams o f  diatomaceous ear th .  The t h i c k  
mois t  m ix tu re  was s to red  i n  a covered j a r  a t  5 C u n t i l  ready t o  use. On 
storage, the m ix tu re  may become t o o  dry  t o  use; but by merely adding 
water, i t  can be made p l i a n t  again w i thout  loss i n  spore concentrat ion.  
5 x 10 k spores/ml) were mixed w i t h  16 grams of diatomaceous ear th .  To 
A 2-ml syringe, modi f ied by c u t t i n g  the t i p  o f f  f l u s h  t o  the  bottom 
o f  the bar re l ,  was used t o  make the  p e l l e t s .  The t h i c k  moist  diatoma- 
ceous ear th-spore m ix tu re  was packed i n t o  the  syr inge w i t h  a spatuba; 
immediately, i t  was extruded i n  3 cc po r t i ons  on to  a glass plate,  
sever ing the  po r t i ons  w i t h  a scape]. The p e l l e t s  were then placed i n  
an oven a t  75 C f o r  23 hours t o  harden and dry. .  
Test Procedure 
Pieces o f  g lass (5 square inch  area) were contaminated w i t h  a 1. 
s u b t i l i s  Ea r  n i q e r  spore suspension and placed a long w i t h  the moist  
diatomaceous e a r t h  p e l l e t s  i n  a 75 C oven f o r  23 hours. 
and contaminated glass were exposed t o  d r y  heat a t  105 o r  125 C f o r  
var ious  per iods.  A f t e r  the heat treatment, each sample t o  be assayed 
f o r  v i a b l e  count was placed i n  a j a r  con ta in ing  25 m l  o f  0.05% Tween 20 
s o l u t i o n  and glass beads., Each sample was then shaken mechanical ly f o r  
10 minutes and then assayed by the pour p l a t e  method us ing t r y p t i c a s e  
soy agar as c t i l t u r e  medium. P la tes  were incubated a t  32 C f o r  72 hours 
be fore  co lony counts were made. Samples not  subjected t o  the heat 
t reatment were a l s o  assayed i n  the  same manner. 
The d ry  p e l l e t s  
To v e r i f y  s t e r i l i t y ,  some samples t h a t  were subjected t o  d ry  heat 
f o r  prolonged periods, were placed i n  j a r s  con ta in ing  25 m l  o f  t r y p t i c a s e  
soy b r o t h  and glass beads. These bro th  samples were a l so  shaken mechani- 
c a l l y  fo r  10 minutes so t h a t  the  diatomaceous e a r t h  pe1lzi.s would d i s i n t e  
g r a t e  be fore  they were incubated a t  32 C f o r  seven days and then checked 
f o r  b a c t e r i a l  growth. 
RESULTS AND D I S C U S S I O N  
3 
The r e s u l t s  of t h i s  b r i e f  study i n d i c a t e  t h a t  the death r a t e  f o r  
- B. s u b t i l i s  var  n iqe r  spores exposed t o  d r y  heat a t  105 C o r  125 C i s  
cons iderably  slower when the spores a r e  i n  diatomaceous e a r t h  than 
when they a r e  on the  e x t e r i o r  g lass sur facer  (Table I). Each f i g u r e  
represents the  average of 3-9 determinat ions.  D values ca l cu la ted  
from these r e s u l t s  were 240 and 400 minutes f o r  spores on g lass and 
diatomaceous e a r t h  respec t i ve l y  a t  105 C, and, 17 and 28 minutes f o r  
spores on g lass and diatomaceous ea r th  respec t i ve l y  a t  125 C. 
Table I 1  dhows t h a t  comparable recover ies can be obta ined w i  t h  
diatomaceous e a r t h  p e l l e t s .  {The ease o f  p repara t ion  and the reproduci -  
b i l i t y  o f  the samples a re  f a c t o r s  tha t  suggest t h a t  diatomaceous ea r th  
p e l l e t s  would be a good s o l i d  t o  use t o  ob ta in  q u a n t i t a t i v e  measure- 
ments on the  e f f i c i e n c y  o f  d ry  heat s t e r i l i z a t i o n .  
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Table I. 
E f f e c t  of Dry Heat a t  105 C and 125 C Upon Spores i n  
Diatomaceous Ear th and On Glass 
105 C 125 C 
Exposure Diatomaceous Diatomaceous 
t o  Heat Ear th Glass Ear th Glass 
(Hours ) 
0 1,260,000 2,880,000 1,260,000 330,000 
1 11,300 1 08 
25 5 0 
5 < 1  0 
22 0 0 
24 1,680 1 
68 0 0 
Note: ( 1 )  8. s u b t i l i s  var  n iqe r  spore preparat ions used i n  t e s t s  a t  
105 C were d i f f e r e n t  than those used i n  t e s t s  a t  125 C. 
(2) Each e n t r y  i s  an average o f  3-9 determinat ions.  
Table 11. 
Comparison o f  the R e p r o d u c i b i l i t y  o f  Samples o f  
Diatomaceous Ear th  Mixed w i t h  Spores 
Wet 
Dry Preparat ion i t  
I n i t i a l  F i n a l  Exposed t o  105 C 
f o r  24 hou s 5 Couniihhk Samp 1 es x 106 Counr: x 10 x 10 Count X 10 P r e  pa r a t  i on 
1 4.24 4.79 3.49 4.87 
2 4.35 3.64 3.69 1.43 
3 5-15 5.16 3-92 3.08 
4 4.39 4.58 3.05 2.56 
5 4.42 3.49 3.48 2.42 
6 4.55 5-52 3-90  2.73 
7 4.21 3.88 4.28 2.68 
8 3.65 3 - 7 2  3 -89 3 -  15 
Average 4.37 4.35 3-71 2.87 
A l l  samples were d r i e d  a t  75 C f o r  23 hours. 
-LL 4.8' Assayed immediately a f t e r  dry ing.  
J-V-1- 
#*"" Assayed 24 hours a f t e r  d r y i n g .  
